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Introduction 
Polychlorinated biphenyls (PCBs) were once commercially produced in the U.S. under the brand 
name “Aroclor” and used in industry as heat transfer fluids, hydraulic lubricants, flame 
retardants, plasticizers, and as dielectric fluids in electronic components such as capacitors and 
transformers. The reaction conditions for production of each Aroclor favor the synthesis of 
certain of the 209 PCB congeners, giving each Aroclor a unique signature or pattern based on its 
congener composition. 
 
Determination of PCBs in the environment has traditionally focused on identifying and 
quantifying the Aroclors by gas chromatography with an electron capture detector (GC/ECD)1. 
An alternative to GC/ECD Aroclor analysis involves quantifying the concentrations of individual 
congeners in using GC/ECD, GC/LRMS, or GC/HRMS. Such techniques provide a more 
accurate estimate of the total PCB concentration in an environmental sample. 
 
Congener composition of the Aroclors has been studied extensively by Frame et. al.2-6. These 
and other studies established Aroclor composition to approximately the 0.01% (100 parts per 
million; (ppm) level7-8. Several groups have reported results to approximately the 5 ppm level9-

11. 
 
None of the above researchers quantitated all the dioxin-like congeners in all Aroclors. 
 
In this study, the concentration of individual congeners in each of nine different Aroclors was 
determined to the sub-ppm level using HRGC/HRMS. The analysis used silica and carbon 
cleanup columns and multiple GC columns to separate co-eluting congeners, and the most 
modern HRMS to achieve low detection levels. This analytical system facilitates the isolation 
and quantification of all of the dioxin-like congeners.  
 
Methods and Materials 
EPA Method 1668A--The U.S. Environmental Protection Agency has developed Method 1668A 
for determination of the concentrations of individual PCB congeners, especially the dioxin-like 
congeners12. Method 1668A uses 13C12-labeled PCB congeners for isotope dilution quantification 
of the dioxin-like PCB congeners and of congeners with the earliest and latest retention time at 
each level of chlorination (LOC). Other congeners are quantified against the mean response of 
the labeled compounds at each LOC using the internal standard quantification technique. 
 
Selection of Aroclors as analytical standards--Different batches and lots of Aroclor have been 
produced, both for distribution in commerce and for analytical chemical standards. The Aroclor 
standards used in this study were supplied by AccuStandard, Inc. 
 



Congener analyses--HRGC/HRMS analyses using EPA Method 1668A were performed by Axys 
Analytical Laboratories in Sidney, British Columbia, Canada. Aroclor standards were prepared 
by dilution to 7.5-15 ppm in isooctane and 15 µL aliquots of each were spiked with a suite of 
13C12-labeled PCB congener standards to give a 5 to 10 ppm Aroclor working concentration in 
the 20 µL final volume. These solutions were subsequently analyzed on 30-m SPB-Octyl and 
DB-1 columns coupled to Micromass Ultima HRMS instruments. Further details of the analysis 
are given in EPA Method 1668A. 
 
Results and Discussion 
Results of determination of each of the 12 dioxin-like congeners for Aroclors 1248, 1254, and 
1250 by HRGC/HRMS, in ug/g (ppm), are presented in Table 1. Data for the other Aroclors has 
been presented elsewhere13. Each congener is identified by its IUPAC number, as listed in EPA 
Method 1668A14. The bottom (bolded) row in Table 1 shows the TEQ for each Aroclor and can 
be used to estimate dioxin-like risk from historical Aroclor data. The TEQs were calculated by 
multiplying the concentration of each dioxin-like congener by its respective TEF15. The TEFs for 
mammals (including humans) are also shown in Table 1. Complete concentration data for all 209 
PCB congeners in all nine Aroclors are available electronically as Supporting Information16. 
 
Table 1 also identifies which GC column was used for quantification and whether carbon column 
fractionation was applied to obtain each result. For the purpose of this study, the carbon column 
fractionation procedure in EPA Method 1668A was adjusted to collect both the co-planar (non-
ortho-substituted) congeners and the dioxin-like mono-ortho-substituted congeners while 
excluding as many other congeners as possible. 
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Table 1: Dioxin-Like PCB Congener Concentrations and Aroclor TEQ (µg/g; ppm) 
  

 
Congener 

 
IUPAC 
Number 

 
WHO 
TEF 

 
Aroclor

1221 

 
Aroclor

1232 

 
Aroclor

1016 

 
Aroclor

1242 

 
Aroclor

1248 

 
Aroclor 

1254 

 
Aroclor 

1260 

 
Aroclor

1262 

 
Aroclor

1268  
3,3',4,4'-TeCB 

 
77 

 
0.0001 

 
12.6 

 
2150 

 
 40.9 

 
2590 

 
4440 

 
174 

 
33.8 

 
 84.6 

 
 36.1  

3,4,4',5-TeCB 
 

81 
 
0.0001 

 
0.51 

 
 111 

 
 1.96 

 
 156 

 
221 

 
 16.4 

 
 3.33 

 
 4.63 

 
 1.35  

2,3,3',4,4'-PeCB 
 

105 
 
0.0001 

 
55.9 

 
 3030 

 
 69.5 

 
4840 

 
17300 

 
33800 

 
 434 

 
 764 

 
 107  

2,3,4,4',5-PeCB 
 

114 
 
0.0005 

 
4.04 

 
 248 

 
 6.03 

 
 443 

 
1320 

 
 1930 

 
17.0 

 
 46.0 

 
 5.86  

2,3',4,4',5-PeCB 
 

118 
 
0.0001 

 
88.1 

 
 4460 

 
 110 

 
6980 

 
24200 

 
78900 

 
5610 

 
1980 

 
 101  

2',3,4,4',5-PeCB 
 

123 
 
0.0001 

 
3.33 

 
164 

 
4.72 

 
277 

 
806 

 
1150 

 
 5.02 

 
27.8 

 
3.24  

3,3',4,4',5-PeCB 
 

126 
 

0.1 
 

0.28 
 

 21.0 
 

 0.56 
 

 33.6 
 

98.0 
 

 37.3 
 

 2.13 
 

 2.28 
 

 1.76  
2,3,3',4,4',5-HxCB 

 
156 

 
0.0005 

 
7.49 

 
 90.7 

 
 3.72 

 
 255 

 
654 

 
8440 

 
4860 

 
 946 

 
 17.6  

2,3,3',4,4',5'-HxCB 
 

157 
 
0.0005 

 
1.46 

 
 22.0 

 
 1.03 

 
 70.9 

 
171 

 
1870 

 
 252 

 
 63.8 

 
R 7.92 

2,3',4,4',5,5'- HxCB 
 

167 
 
0.00001 

 
2.52 

 
 32.4 

 
 1.10 

 
 80.7 

 
207 

 
3100 

 
1990 

 
 278 

 
 4.96  

3,3',4,4',5,5'-HxCB 
 

169 
 

0.01 
 
U 0.08

 
U 0.17

 
 0.13 

 
R 0.11

 
0.21 

 
 0.81 

 
U 0.82 

 
 0.40 

 
U 0.32 

2,3,3',4,4',5,5'- HpCB 
 

189 
 
0.0001 

 
1.17 

 
4.36 

 
 0.12 

 
 4.53 

 
11.0 

 
 246 

 
1290 

 
 451 

 
 4.40  

Aroclor total TEQ 
 

0.05 
 

 3.3 
 

 0.09 
 

5.2 
 

15 
 

21 
 

3.5 
 

1.1 
 

0.21 
 
U= not detected at given detection limit 
R = peak detected, but did not meet identification criteria 
If congener qualified with “U” or “R,” concentration is estimated maximum, but Aroclor TEQs are minimum values 
(i.e., “U” and “R” values were not included in TEQ calculations). 
 


